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ABSTRACT OF THE DISCLOSURE 
A stencil mask suitable for printing electronic circuits 

and the like is made by applying a beam of high-energy 
emissions such as an electron beam or a laser beam to an 
original blank comprising two layers of different volatili 
zability in response to impingement by the beam. The beam > 
is applied to the layer which is more readily volatilized to 
form a groove therethrough bottoming at the inner surface 
of the second layer. Perforations extending entirely 
through the blank are produced where desired by increas 
ing the beam energy applied to selected points along the 
bottom of the groove. Because the second layer is less 
readily volatilized, uncontrolled variations in the depths 
of the grooves and the danger of having a groove break 
entirely through the blank where this is not desired are 
minimized. 

BACKGROUND OF THE INVENTION 

This invention relates to improvements in methods for 
making printing masks by controlled application of a beam 
of high-energy emissions to a blank. ’ 
There are a variety of applications in which it is de 

sirable to apply a very accurately delineated con?guration 
of printing material to a suitable substrate. One particular 
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application of such a process is in the fabrication of so- ' 
called “thick ?lm” printed electronic circuits. In making 
such devices, typically a conductor “ink” is applied or 
printed selectively onto predetermined portions of an ap‘ 
propriate ceramic substrate, and subsequently “?red” onto 
the substrate. In many cases, requirements of miniaturi 
zation or compactness make it desirable to provide such 
printing with as high a degree of de?nition as possible, 
e.g. in the form of one-mil wide stripes separated by three 
‘mils or less between the centers of adjacent stripes. 

Techniques for attempting such printing‘ are known 
which utilize screen stencils, made for example of a screen 
of ?ne-mesh woven stainless-steel wire or nylon ?laments, 
selectively coated with a mixture of polyvinyl alcohol and 
.polyvinyl acetate to close the mesh openings in the areas 
where printing is not desired. However, the resolution and * 
accuracy of printing heretofore obtained with such meth 
ods has been less than is desirable for some purposes, e.g. 
a maximum resolution of the order of S-mil *width lines 
separated by 10 mils between their centers. Better resolu 
tion has been obtained using metal foil printing masks 
made by chemical etching or electro~forming techniques. 
Typically the total thickness of such a mask is of the order 
of one to two mils, and the pattern of the desired printed 
circuit is etched into one side of the mask, half-way 
through the thickness of the foil, and a pattern of closely 
spaced indentations is etched into the mask from the other 
‘side to produce perforations through the mask at the bot 
toms of the grooves. While line resolutions of the order of 
2-mil line width and four-mil center-to-center line spac 
ing have been obtained in some instances, the accuracy ' 
and reproducibility obtainable with such masks has some 
times been less than desirable, principally because of “un 
dercutting” of the mask material during etching or exces 
sive‘buildup of material during electro-forming. A fur 
ther drawback is that the latter method involves ph0to~ 
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graphic techniques using photoresists for de?ning the 
the areas of the mask blank exposed to the etching and/ or 
electroforming operations, and consequent complication 
and expense in preparing the photographic master through 
which light is projected to form the pattern-defining image 
on the photoresist. 

It is an object of the present invention to provide a new 
and useful method for the fabrication of printing masks. 
A further object is to provide such a method which is 

capable of providing grooves or other depressions in a 
printing mask blank reproducibly and reliably. 

It is also an object to provide a method of making a 
printing mask blank reproducibly and reliably. 
energy emissions to a mask blank in which the accuracy 
and reproducibility with which grooves or other depres~ 
sions are formed in the blank are improved. 

SUMMARY OF THE INVENTION 

These and other objects and features of the invention 
are achieved by the provision of a method for making a 
printing mask by application of a controlled beam of high 
energy emissions to a mask blank, in accordance with 
which method the blank is provided with at least two 
layers, one of ‘which is more readily volatilized than the 
other in response to impingement by said beam, and the 
beam is applied to the side of said one layer remote from 
said other layer to remove at least portions of said one 
layer ‘Without perforating said other layer, thereby to form 
a groove or other depression. Preferably the parameters 
of the beam are controlled so that the depression formed 
extends to said other layer but does not penetrate it sub 
stantially. Additional beam energy may be applied to cut 
entirely through both layers where a perforation is de~ 
sired. Using this method, the removal of the material of 
said one layer tends to be slowed or arrested when the 
second layer is exposed, and a reproducible depth of 
groove or other depression therefore more readily ob 
tainedkwith less criticality of adjustment of the beam 
parameters such as beam size, beam energy, beam cur 
rent and beam de?ection rate. 

BRIEF DESCRIPTION OF FIGURES 

These and other objects and features of the invention 
will ‘be more readily understood from a consideration of 
the following detailed description, taken in connection 
with the accompany drawings, in which: 

FIG. 1 is a plan view illustrating schematically a form 
of printed-circuit module which may be made by the 
method of the invention; 
'FIG. 2 is a sectional view taken along lines 2—2 of 

FIG. 1; 
FIG. 3 is an elevational sectional view illustrating how 

such a printed circuit may be formed by means of a 
stencil mask; 
FIG. 4 is a plan view of a stencil mask suitable for 

use in printing the printed circuit of FIG. 1; 
.FIG. 5 is a fragmentary plan view of a portion of the 

mask of FIG. 4; 
FIG. 6 is a sectional view taken along lines 6—6 of 

FIG. 5; 
FIG. 7 is a sectional view taken along lines 7—7 of 

FIG. 5; ' 

FIG. 8 is a fragmentary perspective view of a mask 
blank from which a stencil mask is to be made; 

FIG. 9 is a schematic representation, partly in block 
form, illustrating an arrangement of apparatus suitable 
for practicing the method of the invention in one of its 
forms; and 
FIGS. 10 and 11 are perspective views showing a por 

tion of a printing mask in various stages of fabrication 
in accordance with the invention. 
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DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS‘ ' ' " 

Referring to the drawings by way of example only, 
FIGS. 1 and 2 show a printed-circuit module comprising 
a ceramic printed-circuit substrate 10 having adherent to 
its upper surface a pattern of conductors such as 12 of 
a conductive “ink,” e.g. a substance which has been ap 
plied to the substrate in conformance with a predeter 
mined pattern and thereafter ?red to provide suitable 
electrically-conductive paths on the substrate. Such 
printed circuit modules and their uses and applications 
are well known to those skilled in the art of printed cir 
cuitry and need not be described further herein. 
FIG. 3 illustrates one method of forming ‘such a 

printed-circuit pattern by placing a stencil mask 14 over 
the top surface of the substrate 10 and forcing the con 
ductor ink 1'6, which may be in a thin paste, through 
openings in the stencil onto underlying parts of the sub 
strate by operation of the squeegee 18. The mask 14 has 
been suitably grooved on the surface adjacent the sub 
strate 10 on the opposite face so that the conductor ink 
is forced through the apertures and along the grooves into 
contact with the surface of the substrate 10 where print 
ing is desired. The mask is then removed and the sub— 
strate and ink ?red in a furnace to form a permanent 
pattern of conductive paths, as desired. This process, and 
con?gurations of the mask suitable for effecting the vari 
ous desired printing patterns of, are well known in the 
art and it is an object of the present invention to fabricate 
such a mask with a high degree of reliability, accuracy 
and resolution, and without requiring photographic steps. 
More particularly, FIGS. 47 show in greater detail 

a form of mask 14 which can readily be made by the 
method of the invention. In this example the mask 14 
may comprise a plurality of grooves such as 20, each 
extending only partially through the thickness of the 
mask, and a plurality of spaced-apart apertures such as 
22 extending from the bottom of each depression entirely ‘ 
through the remainder of the thickness of the mask to 
the opposite surface thereof. The grooves such as 20 
de?ne regions throughout which ink is applied to the 
printed-circuit substrate, and the apertures 22 provide 
the openings through which ink is supplied to these 
grooves, as discussed above in particular connection with 
FIG. 3. 
As is shown particularly clearly in FIGS. 6 and 7, in 

accordance with the invention the mask 14 comprises a 
pair of bonded layers or laminas 26 and 28, the grooves 
such as 20 extending through the upper lamina 26 and 
the apertures or perforations extending through the lower 
lamina 28. The upper lamina 26 is substantially more 
readily volatilized in response to impingement by a beam 
of high-energy emissions than is the lower lamina 28. 
There are a variety of materials suitable for use as these 
lamina, and for the purpose of the present example it 
will be assumed that lamina 28 is a nickel foil about 1 
mil in thickness and that lamina 26 is a layer of cadmium 
of about the same thickness electro-plated onto the upper 
surface of the nickel.‘ The reasons for, and the advantages 
of, this laminated construction of the mask will be set 
forth more fully hereinafter. 
FIG. 8 shows a portion of the plane laminated mask 

blank 14 which is used as the starting blank in making 
the mask stencil, and FIG. 9 illustrates schematically one 
arrangement of apparatus by which a pattern of grooves 
and holes suitable for an electronic-circuit printing mask 
may be provided in this mask blank, rapidly and auto 
matically. 

Referring to FIG. 9, a machine bed 30' supports a work 
table 32 which is controllably positionable with respect 
to the bed 30 along two mutually orthogonal directions 
in a horizontal plane. Such motions may be provided by 
worktable control motor 35 geared to drive the worktable 
along one direction with respect to a frame. 36,. and a 
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motor 37 geared to drive frame 36 along the orthogona 
direction with respect to the machine bed 30;. ~ ' ' 

On the upper surface of worktable 32 a support block 
40 is appropriately ?xed in position with respect to the 
worktable and carries the laminated mask blank 14 on 
its upper surface. Appropriate‘ clamping arrangements 
such as 44 may be utilized to clamp the laminated mask 
material releasably in position on top of the support 
block 40. _ 

The upper surface of the mask 14 is impinged by a 
?ne focused beam 50 of high-energy electrons from the 
controllable high-energy electron beam source 52. Elec 
tron beam ‘source 52 may be of a type known in the art 
and commercially available, and which has been used 
in the prior art for metal working purposes. 

Electron beam source52 includes four control ter 
minals-a focus control terminal 56, a beam~energy con 
trol terminal 58, a beam-deflection control terminal 60' 
and a beam-current control terminal 61, responsive to 
electrical signals to control, respectively, the focus, en 
ergy, angular position and current of the electron beam 
50. A programmed control computer 64 is provided with 
?ve output control terminals 66, ‘68, 70‘, 71 and 72 con 
nected by electrical .lines 74, 76, 78, 80 and 81 respec 
tively to terminals 56, 58, 60 and ‘61 of electron beam 
source 52 and to a table-position control terminal 84 of 
the worktable control box 85 from which operation of 
motors 35 and 37 is controlled by connections not shown. 
Preferably, the mask blank, worktable system and con 
trol box are enclosed in a chamber 90 in which a partial 
vacuum is maintained by means of a low-vacuum exhaust 
system 92, ‘such as is employed in electron-beam milling 
of large objects. ' 

Control computer 64 is appropriately programmed by 
conventional means to provide, at its ?ve output control 
terminals, appropriate coordinated control signals for con 
trolling the focus, energy, current and position of electron 
beam 50 and for controlling the position of the mask 
14 with respect to the electron beam source 52. The pro 
gram incorporated in the control computer 64 may be of 
‘any desired form for varying the point of impingement of 
the electron beam 50 upon the upper surface of the lami 
nated foil 14, as well as for varying the focus, energy 
and position of the beam all according to a predetermined 
routine. It is noted that the relative position of the beam 
50 with respect to the foil 14 may be altered either by 
motion of the worktable or by electrical control of beam 
position, and in general grosser and slower displacements 
of the relative position of the beam will be accomplished 
by motion of the worktable while the ?ner motions re 
quired for the rapid tracing-out of desired grooved pat 
terns and for the formation of apertures will normally 
be provided ‘by electrical de?ection of the electron beam. 

In general, the rate at which material of the mask is 
removed depends upon the number and energy of elec 
trons striking a given region of the mask per second and 
upon the evaporation or volatilization characteristics of the 
material impinged; the total amount of material removed 
also depends upon the time for which the beam impinges 
a given region. Accordingly, more material will be re 
moved from the mask, in general, when the beam dwells 
in one position for a substantial period of time or moves 
slowly with respect to the mask; when the energy of the 
electrons is increased by increasing the accelerating volt 
age to which they are subjected; when the beam current 
is increased; and when the beam is more sharply focused. 
By control of these parameters grooves are formed ex 
tending only partially through the layer 26 and holes 
entirely through the material at the bottoms of the 
grooves are produced by increasing the beam energy, beam 
current, or beam concentration or by applying the beam 
for a longer time at a given position where the hole is to 
be made. 
More particularly, as represented in FIG. 10, the beam 

50 is de?ected along the paths on the surface of the upper 
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‘lamina 26 in which’ grooves 20 are to be formed with a 
de?ection speed, beam energy and beam concentration 
sufficient to assure cutting of the grooves down to the 
upper face of the lower lamina 28. When the beam is 
‘traversing a region inwhieh'no groove is to be formed, 

_ it is possible fornthe computer to'make the beam energy 
I ‘zero by reducing the accelerating voltage,_-aalthough alter 
natively, and generally more easily, the beam‘ current may 

"be cut olf by voltage applied to the eiectron gun from 
the computer, for example. The-material of the‘ lower 
"lamina 28, being much less readily volatilizable than the 
,, top mask layer 26, will not be removed at any appreciable 
rate. by the beam conditions used in forming the grooves, 
andrhence su?icient beam energy can be used to assure 
complete formation of the grooves without danger of re 
moving substantial amounts of the underlying lamina 28 
or of perforating the latter lamina. ' ‘_ 
When they grooves have thus been formed, the pro 

grammed control computer 64 causes the beam to traverse 
the grooves again, to. dwell at spaced-apart points along‘ 
the groove, to assume an increased beam energy while at 
these points,-.and to be substantially’ blanked out or at 
least maintained. ata lower energy level while travelling 
between these points. The higher energy beam, while 
"dwelling ‘at the successive spaced-apart points, produces 
Lholes‘ through the lower lamina 28 at these points, as illus 
‘trated in ‘FIG. 11,»thereby providing the desired mask 
con?guration consisting of grooves in the upper surface 
extending only partly through the mask and holes at 
spaced intervals along the grooves extending through the 
‘*remainder of the mask for supplying ink to the grooves 
during the printing process. _ _ _ I - 

In another form of themethod, the electron beam may 
be controlled so asto ‘produce ‘the grooves and‘ the 
perforations during the same scanning of '7 the mask, by I 
providing a speed of beam de?ection and a beam energy 
suf?cient to remove only the top‘lam‘ina of materialwherc 
perforations are not required,.and by providing a lower de 
?ection speed and/ or ‘a higher beam energy while imping 
ing points ‘at which holes are to \be' produced by. pen'e 
tration entirely through both layers. With this procedure 
it is made entirely certain that the holes and grooves 
will be accurately aligned, since they are formed in the 
same scanning of a line by the beam. 
The thickness and nature of the materials used for the 

mask and the parameters of electron-beam energy, con 
centration, focus and rate of movement, as well as the 
pattern traversed by the beam may all be varied substan 
tially indifferent applications. Examples of suitable mate— 
rials for the upper (?rst impinged) lamina 26 include 
zinc, cadmium, indium, tin, bismuth, lead and synthetic 
plastics;_v3,suitable materials for the lower lamina 28 in~ 
elude nickel and its alloys, copper and its alloys, iron and 
its alloys, chromium, molybdenum, and tungsten. In a 
preferred form, the upper layer is cadmium, electroplated 
onto a lower layer of nickel. In each case the upper layer 
is readily volatilized under beam conditions which have 
a relatively smaller effect in volatilizing the material of 
the lower layer, with the advantages set forth above. 

In one speci?c example of a preferred procedure for 
forming a mask of a type suitable for elfecting printing of 
electronic circuits, a l-mil thick foil of nickel is electro 
plated with a 0.8 mil thick layer of cadmium to provide 
a laminate foil about 1 inch by 1 inch square, which is 
then secured to the support block 40 on the worktable 
32. The electron beam source 52, initially turned off, is 
turned on automatically by the control computer 64 and 
de?ected along the desired pattern of grooves with a spot 
size of the beam on the mask surface of about 2 mils in 
diameter and with a beam energy just suf?cient to assure 
complete removal of the upper-lamina material along the 
groove, the beam being automatically cut off by signals 
from the control computer when the beam is moving be 
tween portions of the foil in which no groove is to be 
formed. The resultant grooves extend entirely through 
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theupper lamina 26 and have a width of approximately 
2 mils, and adjacent grooves can be formed with their 
‘centers spaced-apart from each other by about 4 mils. 
'The' beam, with a spot size typically of about 1.5 mils in 
‘diameter, is then automatically caused to traverse the 
‘grooves again, dwelling at intervals spaced-apart along 
the beam path by about 3 mils, with a beam energy at the 
dwell points su?icient to produce spaced holes extending 
entirely through the lower lamina 28 at the bottoms of 
the grooves, as desired. With such a procedure, a pattern 
comprising grooves covering about half the area of the 
1" by 1" square can be produced in two or three min 
‘utes. The-mask- thus produced is then suitable for use in 
conventional electronic circuit printing. 
'- Another form of beam of high-energy emanations 
which may be utilized in place of electron beam is a laser 
‘light beam of high intensity. Such a beam can be con 
trolled as to its point of impingement by optical means, 
and its energy, beam width and focus can also be con 
trolled by known means. Accordingly, in another embodi 
ment of the invention, grooves and perforations in a 
mask suitable for printing of electronic circuits are made 
by traversing a high-intensity laser beam along the line 
regions in which grooves are to be produced on the upper 
surface of a laminate mask, the upper lamina of which is 
~more readily volatilized by the laser than is the lower 
lamina, after which the laser beam is applied for sub 
stantial periods of time at higher intensities to spaced 
.apart points on the bottom of the grooves to produce 
.the desired holes extending through the lower lamina. 
Suitable structures of apparatus for producing such a laser 
.beam and/or controlling its parameters and position to 
{effect such opertion will be apparent to one skilled in the 
art. Again, if desired, the formation of the grooves and 
of the holes may be accomplished on the same scan by 
suitable controlof beam energy and speed. 
While the invention has been described with .particular 

_ reference to speci?ed embodiments in the interest of com 
plete de?niteness, it will be understood that it may be 
embodied in a variety of forms diverse from those spe 
ci?cally shown and described Without departing from the 
scope of the invention as de?ned by the appended claims. 
What is claimed is: 
1. A method of fabricating a printing mask comprising 

the steps of (a) forming a mask blank, one layer of which 
is more readily volatilized than another layer adjacent 
thereto in response to impingement by a beam of high 
energy emissions, (b) impinging such a beam of high 
energy emissions on the side of said one layer remote 
from said other layer, and (c) traversing the point of im 
pingement of said beam on said surface along a line seg 
ment on said side of said one layer while controlling the 
energy of said beam within a predetermined range to pro 
duce volatilization and removal of said one layer along 
said line segment without penetrating substantially into 
said other layer, thereby to form a groove in said one 
layer and (d) impinging said beam at spaced apart points 
along said line segment with an energy above that used 
in step (c) to perforate said other layer and thereby pro 
duce apertures extending entirely through said mask blank 
at said points. 

2. The method of fabricating a printing mask for print 
infg electrical circuitry on a substrate, comprising the steps 
0 : 

forming a laminate mask blank in the form of a foil 
comprising a ?rst lamina of a ?rst material adjacent 
and bonded to a second lamina of a second material, 
said ?rst material being more readily volatilizable 
than said second material in response to impingement 
by a beam of electrons; 

generating a beam of electrons and impinging said beam 
upon the surface of said ?rst lamina on the opposite 
side thereof from said second layer; 

traversing the point of impingement of said beam on 
said surface along a predetermined pattern of line 
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I segments while controlling the energy» of said beam 
within a predetermined range to producevvolatiliza 
tion and removal of said ?rst material along said line 
segments without penetrating substantiallyinto said 
second layer, thereby to form grooves in said ?rst . 
layer; and - . 

impinging said beam on said mask blank at spaced 
apart points along said line segments with an energy 
above said range to produce apertures. extending en 
tirely through said mask blank. - . 

3. The method of claim 2 in which said forming of said 
mask blank comprises electrodepositing oneof said ?rst 
and second materials upon a foil of the other'of. said ?rst 
and second materials. I‘ ‘ 

- ~ 

4. The method of claim 2 in which said'?rst material 
is selected from the group consisting of zinc; cadmium, 
indium, tin, bismuth, lead, and synthetic plastics, and said 
second material is selected from the group consisting of 
nickel and its alloys, copper and its alloys, iron‘and its 
alloys, chromium, molybdenum, and tungsten. _ ~ 

5. The method of claim 4, in which said ?rst material 
is cadmium and said second material is nickel. ' i '1 

6. The method of fabricating a printing mask for'print 
ing electrical circuitry on a substrate, comprising the steps 
of : ' - 

forming a laminate mask blank in the form of a foil 
comprising a ?rst lamina of a ?rst material adjacent 
and bonded to a second lamina of a second mate 
rial, said ?rst material being more readily volatiliza 
ble than said second material in response to-impinge 
ment by a laser beam; 

generating a laser beam and impinging said beam upon 
the surface of said ?rst lamina on the opposite side 
thereof from said second layer; ‘ . 

traversing the point of impingement of said beam on‘ 
said surface along a predetermined pattern of line 
segments while controlling the energy of said beam 
within a predetermined range to produce volatiliza 
tion and removal of said ?rst material along said 
line segments without penetrating substantially‘ into 
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~ ‘said second layer, thereby to 
?rstlayerrand . v. - -_..-; . Y, , 1 . 

. ,impinging saidbeam on said,- mask blank at spaced 
apart points‘ along said line segments withan energy 
aboveisaid rangeyto produce apertures extending en 

H ,.-tirely throiighsaid mask blank. . ., I > ,v I ; H 

7. The method of claim 6,,vin which said forming ,of 
said mask blank comprises electrodepositing one ofisaid 
?rst and second materials upon a~foil of the other of 

'said ?rst and second materials. :. -' ' ' . .. ,- .1 8. The method of claim 6 in which said ?rst material 

is selected from the group ‘consisting of zinc, cadmium, 
indium, tin bismuth, ‘lead, and synthetic plastics; and? said 
second material is‘ selected from the group consisting "of 
nickel and'its alloys, "opper and’its "alloys, viro'r'rdafnd its 

:form grooves in said 

alloys, chromium, molybdenum, and ‘tungsten; 9. The method of claim 8, in which said ?rst ‘material 
is cadmium and said second materialis nickel. , 
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